This study aimed to evaluate the efficacy of adding sucrose in vitrification solution of ovine embryos produced in vivo. Forty Dorper ewes were selected and superovulated. Immediately prior to the embryo collection by laparotomy, a laparoscopy was performed to verify the superovulatory response. The recovered flushing was followed by embryo evaluation and embryos were divided in two experimental groups where embryos from Control group were submitted to a traditional vitrification protocol and embryos from Sucrose group to a modified vitrification protocol with sucrose. After warming, embryos were again divided regarding cryoprotectant removal (Indirect) or not (Direct). The embryo quality was classified as embryos of degrees I (excellent or good), II (regular), III (poor) and IV (dead or degenerate). It was also verified the homogeneity of mass, occurrence of embryonic mass retraction and rupture of pellucid zone. The results were expressed as percentages and were subjected to Chi-square test with P < 0.05. The embryos vitrified in the presence of sucrose had lower proportions of lower-quality embryos after warming (22.20 vs. 44.50%), higher percentages of homogeneous embryos after warming (63.89 vs. 38.89 %) while concerning other parameters there was no difference between these groups. It can be concluded that the addition of 0.4 M sucrose during vitrification improves the embryo quality.
Introduction
The cryopreservation process requires dewatering of embryonic cells in order to avoid ice crystal formation and subsequent damage to the membranes. Cryoprotectants gain importance in this process because they interact with membranes, protecting them against physical and chemical stress caused by elevated concentrations of these solutions in cooling (SEIDEL JUNIOR., 1986 ).
Among the cryoprotectants, there are those called intracellular or permeable ones such as dimethylsulfoxide (DMSO) and glycerol as well as so-called extracellular or impermeable such as the macromolecules glucose, lactose and sucrose. The importance of intracellular cryoprotectant is decreasing the solidification point, favoring dehydration, which reduces the formation of ice crystals. This dehydration should not be abrupt and the addition of cryoprotectants is done gradually in most protocols (SEIDEL JUNIOR, 1996) . The relevance of extracellular cryoprotectants is the stabilizing effect of the membrane (CROWE et al., 1983) . In addition, they assist the entry of cryoprotectants permeable and they are therefore generally used in combinations (ALLER et al., 1995) . Saito et al. (1994) found a significant increase in the survival of bovine blastocysts produced in vitro with the addition of sucrose in the vitrification solution.
The vitrification is a simpler, faster and less expensive technique when compared to slow freezing (BARIL et al., 2001) . However, the need for high concentrations of cryoprotectants can cause damage to cells by osmotic stress and chemical toxicity (PAPADOPOULOS et al., 2002) and to reduce the ability to reach the glassy state. Seeking to decrease these obstacles in vitrification process, several protocols have been developed using different cryoprotectants, such as ethylene glycol (GUIGNOT et al., 2006) , DMSO (HONG et al., 2007) , glycerol and propylene glycol (WERLICH et al., 2006) . Furthermore, the addition of macromolecules such as sucrose or trehalose has been reported with the function of promoting a significant osmotic effect and it is also used for rehydration of embryos after warming (HURTT, 1999; ISACHENKO et al., 2003) . However, Dattena et al. (2004) verified that the addition of sucrose did not promote positive results on pregnancy rates from vitrified embryos.
After warming of vitrified embryos generally is carried out the cryoprotectants removal, since this technique requires a high concentration of the medium. However, with the development of mediums associating permeable and impermeable cryoprotectants which act by increasing the molarity of the solution and promote the glassy state at the same way that benefits the increase in hydrostatic (RALL, 1987) , it is necessary to check the effectiveness of these protocols in preserving the embryo integrity.
These studies have been applied to embryos of different species and in several sheep breeds. Although Dorper is an important sheep breed promoting a significant improvement in the herd regarding meat deposition abeing characterized by having a good adaptability at semiarid areas, reports of embryos from Dorper ewes are scarce.
Furthermore, most studies developed are concentrated for embryos produced in vitro, although these have lower survival rates than those obtained from embryos produced in vivo (ISACHENKO et al., 2003; LIM et al., 2008) . This is due to the physical characteristics more sensible of these embryos such as higher number of vacuoles (SHAMSUDDIN et al., 1992) and increased fragility of the zona pellucida (DUBY et al., 1997) . However, Dattena et al. (2004) did not significant differences between ovine embryos produced in vivo or in vitro concerning embryo survival.
Therefore, the aim of this experiment was to evaluate the effectiveness of adding sucrose in vitrification solution of the Dorper sheep embryos produced in vivo before and after the cryopreservation process.
Material and Methods

Animal ethics
All animal protocols used in this studies were approved by the Ethics and Deontology Committee in Studies and Researches of the Universidade Federal do Vale do São Francisco (Process 27051112/CEDEP/UNIVASF). Additionally, all studies were conducted according to the guidelines for the ethical use of animals in research.
Period and location of the experiment
This study was carried out from June to July, in 2012, during the end of breeding season. The experiment was conducted at the Experimental Station of Agricultural Development Company of Bahia, in Jaguarari, Northeastern Brazil, at 10°15'50'' S latitude, 40°11'45''W longitude and altitude of 400 m.
Animals
Forty Dorper ewes were selected with a mean Body Condition Score of 3 (0 = extremely thin, 5 = obese) and they were between 3 and 5 years of age. As breeders, it was used two Dorper rams with proven fertility by andrologic examination previously performed.
All animals were subjected to a semi-intensive system of production where they spent part of the day on preserved Caatinga and, in the late afternoon, received in indoor facilities, Tifton hay (Cynodon spp.) ad libitum and commercial concentrated. The animals had also free access to clean water and mineral salt.
Hormonal treatments and mating
The estrous cycles were synchronized using intravaginal devices impregnated with 330 mg of progesterone (CIDR-G ®, Pharmacia, Brazil), inserted for 14 days. Forty-eight hours before CIDR removal, it was started a superovulatory treatment which was composed for six decreasing doses (50, 50 25, 25, 25 and 25 mg) of NIH-FSH-P1 (Folltropin-V ®, Vetrepharm, Canada) administered intramuscularly every 12 hours. Beginning 12 h after CIDR removal, the ewes were observed every 4 h and for 72 h to establish the time of estrus onset. Ewes were hand mated at estrus onset and 24 h after that.
Superovulatory response and embryo recovery
Before embryo collection and five days after mating, feed and water were withheld from ewes for at least 24 h. On the following day and immediately prior to embryo collection, ewes were subjected to a laparoscopy to visualize the ovulatory response, as described by Oldham and Lindsay (1980) . Laparoscopy permitted to observe the ovaries and identify the female which was considered responsive to superovulation treatment or the female presenting at least five corpora lutea in both of ovaries (BARIL et al., 1995) .
Immediately after laparoscopy, females responding superovulatory treatment were submitted to embryo recovery which was performed by laparotomy (BARIL et al., 1995) using the foley catheter, and 40 mL of PBS warmed at 37°C (DPBS ®, VITROCELL, Brazil), for each uterine horn.
Evaluation of recovered embryos
The flushing was placed into plastic petri plates and subjected to research of embryos in a stereomicroscope (SMZ 645®, Nikon, Japan) using a magnification from 40 to 70X. Evaluation of characteristics of structures such as the stage of embryonic development and quality was made following the morphologic criteria of the International Embryo Transfer Society (ROBERTSON; NELSON, 2010). Immediately after recovery, embryos were evaluated and they were classified as embryos of degrees I (excellent or good), II (regular), III (poor) and IV (dead or degenerate). In addition, embryos were simultaneously classified according to the level extrusion embryonic (Low, Medium and High), level of homogeneity of the embryonic mass (Homogeneous, Heterogeneous and Slightly Heterogeneous) occurrence or not of embryonic mass retraction and rupture of pellucid zone.
Vitrification and warming
Ninety embryos from 24 donors were homogeneously distributed according to stages of embryonic development and grades of quality. The recovered embryos were divided into two groups regarding embryonic quality and stage, and then they were subjected to two different vitrification protocols. In the first (Control Group), embryos were immersed in three solutions every 5 minutes (DMPBS + 20% FCS, PBS + 20% FCS + 10% glycerol, and DMPBS + 20% FCS + 10% glycerol + 20% ethylene glycol) and for 30 seconds in a vitrification solution with DMPBS + 20% FCS + 25% glycerol + 25% ethylene glycol. Embryos from Sucrose Group were included at the same solutions as those of the Control but the vitrification solution received 0.4 M sucrose (WERLICH et al., 2006) . After last bath, the embryos were loaded into 0.25 ml straws with 20-30 µl of vitrification solution and separated by two bubbles of the same solution (approximately 90 µL, each). Then the straws were sealed, identified and immediately immersed in liquid nitrogen (GUIGNOT et al., 2006) .
In order to warm embryos, the straws were kept in contact with air for 10s and they were then immersed in a water bath at 37°C for 20 sec. Then the embryos from each experimental group (Control and Sucrose) were again divided into two groups: Control Group (Indirect and Direct; Sucrose (Indirect and Direct). The embryos from Indirect Groups were immersed in solutions of 0.25 M and 0.125 M sucrose, for 5 minutes each in order to remove the cryoprotectant and then kept in DMPBS for 5 minutes and immediately evaluated. However, embryos from Direct Groups were held in DMPBS also for 5 minutes and, immediately after evaluated.
Statistical analysis
Statistical analyses were conducted using the SPSS software (IBM SPSS, version 19.0, 2010, USA). Analysis of Variance (ANOVA) was used to determine the distribution (homogeneity of variance) for age, body weight and body condition score of donors between experimental groups (Indirect and Direct Control, Indirect and Direct Sucrose). These sources of variability were found to be not significant and, as such, were not reported. Descriptive statistics were presented for the following variables: number of freezable embryos (EMBC: Grades I and II); stage of embryonic development; proportions of embryos in each level of quality (grades I, II, III and IV), level extrusion embryonic (Low, Medium and High), level of homogeneity of the embryonic mass (Homogeneous, Heterogeneous and Slightly Heterogeneous) in the vitrification and warming protocol; percentage of retracted embryos during vitrification and percentage of embryos reexpanded after warming. The data expressed as percentages were subjected to Chi-square test. The results were expressed as percentage. The differences between groups were considered statistically significant at P<0.05.
Results and Discussion
Concerning embryo quality and viability, it was observed that there was a prevalence of freezable embryos (P<0.001) or those qualified as excellent / good and regular (72.93%) compared to no freezable embryos or classified as poor and dead / degenerated (27.07%) ( Figure 1 ). These data show that estrus synchronization and superovulation protocols used at present study were efficient for embryo production.
In the Table 1 , it is presented the effect of the addition or not of sucrose at vitrification protocol and the using or not of sucrose to remove the cryoprotectant on in vitro embryo quality during the vitrification and warming process. Regarding embryo quality during vitrification, it was observed a higher (P<0.05) proportion of excellent embryos only in the group of embryos vitrified in the presence of sucrose and subjected to removal of cryoprotectants (Indirect Sucrose), although no significant difference (P>0.05) was verified in other groups between grades of embryo quality and also there was no significant difference (P>0.05) between groups (Table 1) . This process can be attributed to higher stability of membrane of frozen-thawed embryos on the presence of sucrose.
After warming, embryos vitrified in the presence of sucrose and subjected to cryoprotectant removal (Sucrose Indirect) were mostly (P < 0.05) qualified as excellent as compared to other grades of embryo quality. There was, however, no significant difference (P>0.05) in the other groups between grades of embryo quality (Table 1) . Also after warming and now comparing experimental groups within grades of embryo quality, it was observed a lower (P<0.05) percentage of regular embryos when these structures were vitrified in the presence of sucrose and submitted to cryoprotectant removal (Sucrose Indirect) comparing to the groups vitrified in the absence of sucrose Indirect Control and Direct Control where there was no removal of cryoprotectant. However, no significant difference (P<0.05) was observed between the proportions of regular embryos between groups frozen in the presence of sucrose (Indirect Sucrose and Direct Sucrose Groups) (Table 1) .
Combining groups Indirect Control and Direct
Control (Control Group) and groups Indirect Sucrose and Direct Sucrose (Sucrose Group), after warming, vitrification without sucrose (Control) had a rate significantly higher (P<0.05) of embryos classified as regular compared to those submitted to vitrification with sucrose (Sucrose) (44.5 vs. 22.2%) ( Fig. 2A) Regarding the effect of sucrose in the homogeneity of embryo mass after warming, the embryos vitrified with sucrose (Sucrose) and qualified as Homogeneous showed a significant superiority (P<0.05) when compared to those vitrified in the absence of sucrose (Control) (63.89 vs. 38.89%). For no other parameter it was not observed a significant difference between the groups (Figure 2B ). In addition, before vitrification, it was observed higher (P<0.05) Homogeneous (HO) embryos than Heterogeneous (HE) ones. Furthermore, no significant difference (P>0.05) was observed between groups within the homogeneity levels (Table 2) . Already after warming, it was found that only in the groups vitrified in the presence of sucrose (Indirect and Direct Sucrose), there was predominance (P<0.05) of HO embryos compared to Slightly Heterogeneous (SHE) and HE ones (Table  3) . Furthermore, regarding only HO structures, proportion of embryos vitrified in the presence of sucrose and subjected to removal of cryoprotectant (Indirect Sucrose) was higher (P<0.05) than those vitrified in the absence of sucrose and not subjected to cryoprotectant removal (Direct Control) ( Table  2 ).These data demonstrate that embryos vitrified on the presence of sucrose preserved their cellular morphology and this fact can be attributed to lower quantity of intracellular ice crystals in Sucrose Group. Concerning level of extrusion before vitrification, it was verified in all treatments more embryos with Low extrusion level when compared with those of Medium and High extrusion levels. However, within extrusion levels and regarding medium extrusion level, there was a superiority (P<0.05) of embryos in the group of embryos vitrified in the absence of sucrose and not subjected to cryoprotectant removal (Control Group ), compared to those vitrified with sucrose and subjected to cryoprotectant removal (Indirect Sucrose). In addition,before vitrification, it was not observed any significant difference between experimental groups for any level of extrusion (Table 3) . Already after warming, only the group of embryos vitrified without sucrose and subjected to removal of cryoprotectant (Indirect Control) and the group of embryos vitrified with sucrose and not subjected to removal of cryoprotectant (Direct Sucrose) had a higher (P<0.05) percentage of embryos with low extrusion. In addition, within extrusion levels and regarding high extrusion level, a significant (P<0.05) superiority was observed when vitrified in the absence of sucrose and not subjected to removal of cryoprotectant (Direct Control), compared to those vitrified with sucrose and not subjected to removal of cryoprotectant (Direct Sucrose) (Table 3 ). These data demonstrate that removing of cryoprotectant is not necessary after warm procedure when embryos were vitrified on the presence of sucrose.
Furthermore, no significant difference was observed between the groups regarding the occurrence of embryonic retraction before vitrification. Regarding percentage of re-expanded embryos, this characteristic was verified in all groups without, however, statistical difference between them (Table 4 ). Grouping the embryos submitted to cryoprotectant removal (Indirect Control and Indirect Sucrose) and those that were not submitted (Direct Control and Direct Sucrose) and also regarding embryo re-expansion, the percentage of embryos that did not re-expand was significantly greater (P<0.05) in embryos subjected to cryoprotectant removal compared to embryos not subjected to cryoprotectant removal (8.69% vs. 0.0%, respectively) (Table 4 ). These data suggest that it is not necessary to remove the cryoprotectant after warm procedure when embryos were vitrified on the presence of sucrose.
The origin of embryos (produced in vivo) positively influences embryo quality (MASSIP, 2001) . Embryos classified as excellent or good show a greater resistance to the cryopreservation process because they show a remarkable superiority in number of viable cells after freezing-warming and better cell metabolism (RIZOS et al., 2008) . Papadopoulos et al. (2002) , found pregnancy rates of 50% and 5% when they compared vitrified embryos produced in vivo or in vitro, respectively, when they were loaded in OPS straws. Dattena et al. (2000) obtained embryo survival rate of 40% and 81.2% from ovine embryos produced in vitro and in vivo, respectively.
The vitrified embryos without sucrose showed a lower quality when compared to that vitrified with sucrose at the time of warming. These data are in agreement with Guignot et al. (2006) , who found kidding rates of 56% and 27% when compared vitrified goat embryos with or without sucrose, respectively. These same authors also observed a tendency to increase the embryo survival rate using sucrose. Dattena et al. (2000) obtained embryo survival rate of 40% from ovine embryos produced in vitro and vitrified with sucrose. Martinez et al. (2002) working with bovine embryos, also observed that the addition of sucrose promoted an additional protective effect for embryos in the vitrification process. Sucrose reduces the required amount of intracellular cryoprotectants in the vitrification process (KASAI, 1996) , which reduces the solution toxicity and improve the embryo quality embryo after warming. Furthermore, the sugar provides an additional osmotic effect by accelerating the cell dehydration, reducing the time available for the entry of intracellular cryoprotectants and also reducing the risk of formation of intracellular ice crystals (KASAI et al., 1990) .
Thus if vitrified embryos in the presence of sucrose have shown better results regarding embryo quality grade, cell extrusion, embryo homogeneity and re-expansion rate when compared to the group vitrified without sucrose can be related to better membrane stability, the best osmotic effect and the higher protection provided by sucrose.
The embryonic viability after warming can be influenced by age, stage of embryo development and quality (LEIBO; LOSKUTOFF, 1993) and can be evaluated by different parameters as, for example, re-expansion rate (MARTINÉZ et al., 1998) .
The data of embryos subjected or not to cryoprotectant removal showed that embryos not subjected to the manipulation required to cryoprotectant removal showed better re-expansion rate. These results are in agreement with Baril et al. (2001) who showed that the vitrified embryos may be transferred directly or without removing the cryoprotectant. These same authors report that 15% to 20% of the embryos are discarded because the embryo damages attributed to excessive morphological examination performed after vitrification-warming. This shows that the morphological evaluation of vitrified-warmed embryos may not be necessary and leads to the elimination of viable embryos by excessive handling as well as that the methods used for cryoprotectant removal are less efficient than those using direct transfer of embryos. Furthermore, the using of this technique eliminates the need for a skilled technician in embryo evaluation (BARIL et al., 2001) . Guignot et al. (2006) also found statistically similar values to compare vitrified goat embryos and transferred directly or indirectly, regarding embryo survival rates. Thus, the direct transfer of vitrified embryos represents a potential gain regarding lambing rate and may thereby reduces the cost of Multiple Ovulation and Embryo Transfer (MOET) in sheep.
Regarding in vitro evaluations performed after warming protocols, it was observed that the addition of sucrose to the vitrification protocol showed a significant improvement in the in vitro parameters of embryos indirectly or directly transferred.
Conclusions
In conclusion, addition of sucrose to the vitrification medium of Dorper embryos produced in vivo provides a better homogeneity and a lower extrusion grade and then enhances the quality of the vitrified embryos after cryopreservation procedure. In addition, removing of cryoprotectant is not necessary when sucrose is used.
